Genetic variability among the virulent isolates of Sclerotium rolfsii was studied using molecular techniques like RAPD, ITS-PCR and RFLP. The RAPD banding pattern reflected the genetic diversity among the isolates by formation of two clusters. A total of 221 reproducible and scorable polymorphic bands ranging approximately as low as 100 bp to as high as 2500 bp were generated with five RAPD primers. ITS region of rDNA amplification with specific ITS1 and ITS4 universal primers produced approximately 650 to 700 bp in all the isolates confirmed that all the isolates obtained are Sclerotium rolfsii. Studies by ITS-RFLP indicated that there was no polymorphism in restriction banding pattern among the isolates with the restriction endonucleases used. 
Groundnut (Arachis hypogea L.) is a major legume and important oil seed crop in India which is grown over an area of 6.74 m.ha. with an annual production and productivity of 7.99 m.t. and 1185 kg/ha respectively. In Andhra Pradesh, it is grown to the extent of 1.87 m. ha. with 1.64 m.t. production and with a productivity of 728 kg/ha. Sclerotium rolfsii Sacc. which is a serious soil borne pathogen common in tropical and sub-tropical regions of the world where high temperature coupled with high humidity is prevalent during the rainy season causing severe damage to the crop with yield losses of over 25 per cent (Mayee and Datur 1998) . The symptoms of S. rolfsii include yellowing and wilting of branches, presence of mustard seed like sclerotia at the site of infection (Asghari and Mayee 1991) . To understand the present plant disease situations and for effective management, it is essential to study as much as possible about the genetic variability in plant pathogenic fungi. The information on genetic variability among the groundnut isolates of S. rolfsii is limited. Thus, the present study was undertaken to assess the significant genetic variations by nucleic acid based marker techniques using ITS-PCR, RAPD and RFLP to distinguish different virulent isolates of S. rolfsii.
The pathogenic variability and pathogenic potential of S. rolfsii isolates was tested on the groundnut variety TGCS888 as described by Shokes et al. 1996 . The molecular variability among the isolates of S. rolfsii was studied by using ITS region of rDNA, Random Amplified Polymorphic DNA (RAPD) and Internal Transcribed Spacer -Restriction Fragment Length Polymorphism (ITS-RFLP).
Fungal cultures
Discs of 5 mm diameter S. rolfsii isolates
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were cut from periphery of an actively growing 7 d old culture on PDA and inoculated into 250 mL conical flask containing 100 mL of sterile potato dextrose broth. The flasks were kept rotated constantly at a speed of 125 rpm in an orbital shaker at 28±2°C. The resultant growth of mycelial mat was harvested and excess moisture was completely removed through sterile blotting paper and used for DNA extraction.
DNA extraction
The total genomic DNA of S. rolfsii isolates was extracted from vegetative mycelium using the procedure Murray and Thompson (1980) with slight modifications. Fungal mat of 0.5 g grounded to fine powder in liquid nitrogen and transferred to sterile eppendorf tube. To this, 1 mL of extraction buffer (1 M Tris-5.0 mL; 5 M Nacl-14.0 mL; 0.5 M EDTA-2.0 mL; 0.1% Mercaptoethanol-50.0 μL; 2% CTAB-1.0 g; 1% PVP-0.5 g) was added and incubated for 1 h in water bath at 65°C. Then the tubes were centrifuged at 10,000 rpm for 10 min at room temperature. The supernatant was transferred into other tubes. To the supernatant equal mL of chloroform and isoamyl alcohol (24:1) and RNase (1 μL/100 μL) was added and incubated at room temperature for 10-20 min. The tubes were centrifuged at 10,000 rpm for 10 min, separated the supernatant and added 0.6 vol of ice cold isopropanol + 0.1 vol of sodium acetate and incubated at -20°C for overnight. Next day, the tubes were centrifuged at 13,000 rpm for 20 min at 4°C, the supernatant was discarded and the pellet washed with 70 per cent ethanol and centrifuged at 13,000 rpm for 20 min at 4°C. Again the supernatant discarded, the pellet air dried and dissolved in 100 μL of sterile distilled water or TE. The DNA samples were stored at -20°C for further studies.
Qualitative and quantitative verification of DNA The quality and quantity of DNA was analyzed by running 2 μL of each sample mixed with 2 μL of 10x loading dye in 1% agarose gel. The DNA from all isolates produced clear sharp bands in one per cent agarose gel indicating the good quality of DNA. The DNA has been quantified by comparing with the 1 kb size marker (Genei, Bangalore) and by spectrophotometer (Nanodrop ND1000).
RAPD profiles through Polymerized Chain Reaction (PCR)
Five random primers belong to Operon "A" series viz., OPA-01, OPA-12, OPA-17, OPA-18 and OPA-20 (Operon technologies Inc.,) were screened for generating polymorphism among the isolates under the study. The experiment was repeated thrice and results were reproducible. The Oligonucleotide primer sequences used in RAPD technique are given below:
PCR amplifications were carried out in 0.2 mL eppendorf tubes with 25 μL reaction mixture which consists of 2.5 μL of 10x Taq buffer, 2.5 μL of 25 mM MgCl2, 2.5 μL of primer (1 picomolar/μL), 0.5 μl of 100 mM dNTP mix, 0.2 μL of Taq polymerase enzyme (conc. 1 U μL-1) and 16.8 μL of sterile PCR water (Genei, Bangalore) and 2 μL (40-50 ng) of DNA sample. Amplification was carried out by 5 min of initial denaturation at 94°C followed by 40 cycles of denaturation of 94°C for 1 min; annealing at 37°C for 1 min; extension at 72°C for 2 min with final elongation at 72°C for 5 min. Amplified PCR products were subjected to 1.0 per cent agarose gel electrophoresis with 1.0 x TBE as running buffer. The banding patterns were visualized under UV trans-illuminator with ethidium bromide (10 mg mL-1) staining. The DNA banding profiles were documented in the gel documentation system (Alpha Innotech) and compared with 1 kb DNA ladder (Genei, Bangalore).
Scoring and data analysis Each amplified band was considered as RAPD marker and recorded for all samples.
Data was entered using a matrix in which all observed bands or characters were listed. The RAPD pattern of each isolate was evaluated, assigning character state 'I' to all the bands that could be reproducible and detected in the gel and 'O' for the absence of band. The data matrix thus generated was used to calculate Jaccard similarity coefficient for each pair wise comparison. The coefficients were calculated In Silico following Jaccard (1908) . The similarity coefficients were subjected to Unweighted Pair-Group Method on Arithmetic Average (UPGMA) cluster analysis to group the isolates based on their overall similarities. Statistical Package for Social Science (SPSS) package was used for the cluster analysis and subsequent dendogram preparation.
PCR amplification of ITS region PCR amplification of Internal Transcribed Spacers (ITS) region of rDNA was performed using universal primers ITS-1 (5' -TCC GTA GGT GGA CCT GCG G -3') as forward primer and ITS-4 (5' -TCC TCC GCT TAT TGA TAT GC -3') as reverse primer (White et al. 1990) in eppendorf PCR master cycler. Amplification was carried out in 0.2 mL eppendorf tubes with 25 μL reaction mixture containing 2.5 μL of 10x Taq buffer, 2.5 μL of 25 mM MgCl2, 2.0 μL of ITS1 primer (0.6 picomolar/μL), 2.0 μL of ITS-4 primer (0.6 picomolar/μL), 0.5 μL of 100 mM dNTP mix, 0.125 μL of Taq polymerase (0.5 u/μL) and 14.37 μL of sterile PCR water (Genei, Bangalore) and 3 μL (40-50 ng) of DNA sample. The PCR amplification was carried out by 35 cycles, of which denaturation at 94°C for 1 min, annealing at 56°C for 1 min and extension at 72°C for 1.5 min with initial denaturation at 94°C for 4 min before cycling and final extension at 72°C for 6 min after cycling. Amplified PCR products were observed in 1.0 per cent agarose gel in 1% TBE buffer and visualized under UV transilluminator with ethidium bromide staining. The size of the PCR product was estimated by comparison with known DNA marker of 1 kb DNA ladder. The banding profiles of ITS-PCR products were documented in gel documentation system (Alpha Innotech).
ITS-RFLP PCR products of ITS region of the isolates under the study were digested with three different restriction enzymes viz., AluI, HinfI and MseI. Digestion was carried out with 20 μL reaction mixture containing 7 μL of ITS-PCR product, 1 μL of enzyme (10 U/μL), 2 μL of 10X enzyme buffer and 10 μL of sterile PCR water. The digestion was carried out overnight at 37°C for AluI, HinfI and 65°C for MseI in a water bath. Restricted products were analyzed on 2.0 per cent agarose gel.
The pathogenic variability among the twenty Sclerotium rolfsii isolates was tested on groundnut variety TGCS888, and the results revealed that the isolates CSr1, CSr2, CSr9, CSr10, KSr15, KSr17, KSr19 were virulent with regard to disease severity resulting in different degrees of percent disease incidence (PDI) ( Table. 1) (Durgaprasad et al. 2009 ). Based on PDI, the high, moderate and low virulent eight isolates were selected for molecular characterization. Total genomic DNA extracted from the eight isolates viz., CSr1, CSr2, CSr9, CSr10, KSr15, KSr17, KSr19, and KSr20 having varying degrees of virulence and all the eight isolates produced clear sharp bands indicating the good quality of DNA.
Characterization of S. rolfsii isolates by RAPD
Five random primers viz., OPA-01, OPA-12, OPA-17, OPA-18 and OPA-20 generated reproducible polymorphism among the eight isolates. Amplified products with all the primers have showed polymorphic and distinguishable banding pattern indicating the genetic diversity among all isolates of S. rolfsii. A total of 221 reproducible and scorable polymorphic bands ranging approximately as low as 100 bp to as high as 2500 bp were generated with five primers among the eight isolates characterized. The primer OPA-01 amplified two unique fragments of approximately 100 bp and 250 bp in case of KSr19 isolate (Fig. 1A) . Primer OPA-12 amplified specific bands of 1400 bp and 1500 bp in case of KSr15 isolate (Fig.  1B) . Moreover, 600 bp fragment was absent (Fig. 1C) . The primer OPA-18 amplified a unique band of approximately 500 bp in case of CSr1, 575 bp in case of CSr9 and 750 bp in case of KSr20 (Fig. 1D) . Primer OPA-20 amplified a fragment of 1000 bp and 1050 bp both in case of KSr15 and KSr17 isolates (Fig. 1E) . Almeida et al. (2001) studied variability among 30 isolates of S. rolfsii from different hosts of Brazil using RAPD profiles and identified 11 haplotypes. Relationships among the isolates were evaluated by cluster analysis of data based on similarity matrix. The dendogram was generated using UPGMA package based on Ward's Squared Equalidean Distance method (Fig. 2) . Based on the results obtained, all the eight isolates were grouped into two main clusturs. Cluster I contains four isolates viz., CSr9, KSr17, CSr1 and KSr19 of which the first two and last two formed two separate sub-clusters viz., Ia (CSr9and KSr17); Ib (CSr1 and KSr19). Cluster II contains four isolates viz., CSr2, CSr10, KSr15 and KSr20. Jaccard's similarity co-efficient among the eight isolates were calculated to establish their genetic relationships. The similarity index values ranged from 0.00 to 100 per cent indicating the presence of a high range of variability at nucleic acid level among the eight S. rolfsii isolates. In the present investigation, no correlation was observed among the clusters formed based on the RAPD and pathogenic virulence among isolates of S. rolfsii. Punja and Sun (2001) studied the extent of genetic diversity among MCG of S. rolfsii and S. delphinii by their unique banding patterns using six primers which were genetically diverse but shared greater numbers of common bands and clustered together.
The RAPD study clearly indicated the genetic variability among the S. rolfsii isolates. The 650 bp and 700 bp bands which has been amplified with OPA-17 primers may be used to develop Sequence Characterized Amplified Region (SCAR) marker for the detection of virulent isolates of S. rolfsii and development of correlation between banding pattern and virulence.
Characterization of S. rolfsii isolates by ITS-PCR
The structure of rDNA cluster and the expected amplified products with ITS-1 and ITS-4 primers are shown in Fig. 3 . These primers viz., ITS-1 and ITS-4 were used for PCR amplification of ITS region of rDNA cluster which includes ITS-1, 5.8S and ITS-2 regions of all eight isolates. Both the primers produced amplified product size of 650-700 bp in all the eight isolates (Fig. 4) . These results confirmed that all the isolates belong to genus Sclerotium. Harlton et al. (1995) screened a worldwide collection of S. rolfsii which revealed variation in ITS regions of 12 sub-groups of S. rolfsii. Almeida et al. (2001) studied variability among 30 isolates of S. rolfsii by RAPD and were differentiated into distinct groups by ITS-PCR.
Characterization of isolates by ITS-RFLP
The ITS region of rDNA amplified with showing polymorphism between isolates of S. rolfsii using RAPD markers. 
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